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1. PURPOSE. This Advisory Circular (AC) sets forth acceptable nmeans, but not
the only neans, of showi ng conpliance with Part 3 of the Cvil Ar Regulations
(CAR) and Part 23 of the Federal Aviation Regulations (FAR) applicable to the
installation of fuel flowmeters/ffusl totallizenrs in small airplanes with
continuous-flow, fuel-injection, reciprocating engines. This material is

nei ther mandatory nor regulatory in nature and does not constitute a regulation

2. RELATED REGULATIONS. These acceptable means of conpliance refer to certain
provisions of Part 23 of the FAR and the corresponding provisions of the former
Part 3 of the CAR in the case of airplanes for which those regulations are appli-
cable. Listed below are the applicable FAR sections with the related CAR
sections shown in parentheses:

FAR Section

a. 23.773 (3.382)

b 23.955 (3.433)

c. 23.961 (3.438)

d. 23.990 (3.449)

e. 23.993 (3.530))

£.  23.1183 (3.63B)
& 23.1191 (3.624))
h. 23.1305 (3.633))
i. 23.1337 (3.673)
5 23.1529

k. 23.1541 (3.7%%)
1. 23.1543 (3.738)
m. 23.1549 (3.759)

3. BACKGROUND.

a. Recently there has been a trend toward replacing fuel pressure indi-
cators and anal og reading fuel flowreters with digital fuel flowmeters/fuell
totalliizenss. New devel opments in mcroprocessor technology have resulted in
digital fuel flow conputer systenms that are economnical, accurate, and that
provide data for inproved fuel managenment. These digital fuel flow computer
systens al so have features for displaying total fuel consumed, total fue
remai ning, and time renaining, however, the accuracy of these readings are
dependent upon the initial fuel supply entered into the fuel conputer. The
precise digital readings that are displayed to the nearest tenth of a gallon
could give the pilot a false sense of accuracy and security, especially the
readings for total fuel remaining and time remaining
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b. Digital fuel floweters are not a required powerplant instrument. They
are optional equipnent and should not be considered replacenents for fuel quantity
or fuel pressure indicators. Different interpretations of the FAR have caused
conflict and lack of national standardization on installation of fuel pressure
indi cators and fuel flownettens/ffiedl totallizenrs in small airplanes that have
continuous-flow, fuel-injection systems. Inquiries from nenbers of the aviation
communi ty and manufacturers have indicated a need for information concerning
approval and installation of digital fuel flowmetets/fuell totallizens. The |oca-
tion of the fuel flow transducer in the fuel systemis critical for neasuring
the total fuel flow consumed by the engine and maintaining engine performnce.
Each type of installation has an inpact on the operation of the fuel system and
needs to be eval uated and approved

4. DI SCUSSI ON

a. Fuel Pressure and Fuel Quantiitty | ndi cator.

(1) A fuel pressure indicator is required for punp-fed engines in
accordance with section 23.130%5@), and it is intended to nonitor unnettered fue
pressure at the inlet to the injector and advise the pilot of a fuel pressure
deficiency. Many small airplanes with reciprocating, continuous-flow, fuel-
injection engines are equipped with fuel pressure indicators that actually nea-
sure netered fuel pressure. Metered fuel pressure in a fuel-injection system
also relates to fuel flow, and can provide a satisfactory nethod for displaying
fuel flow.  However, replacing the metered fuel pressure indicators with fue
flowreters could cause an unsafe condition by failing to provide critical fue
pressure information to the pilot that is especially inportant during the takeoff
phase of the flight. Fuel flowreters are not required powerplant instrunments
for reciprocating engines to neet airworthiness standards of Part 3 of the CAR
or Part 23 of the FAR

(2) Digital fuel flow conputer systems have a fuel flow transducer
that directly neasures the anount of fuel being fed to the engine. The fuel
flow transducer may be a snmall paddl e wheel, an inpeller, or spring-Ioaded
nmovabl e vanes. Digital displays with a fuel conputer also permt these instru-
ments to display total fuel consuned, total fuel remaining, and time remaining
at the present fuel flow rate for fuel management. Overall accuracy for fue
remaining and time remaining readi ngs depends on the transducer processing unit
and display, but the largest possible error is the initial fuel supply which is
entered by the pilot at the start of each flight. Errors in the initial fue
supply may be caused by uneven ramp, unusual |oading, volune changes of the fue
due to tenperature variations, malfunctions in the fuel system such as |eaks
si phoning actions, collapsed bladders, and other factors; therefore, total fue
remai ning should be verified with the fuel quantity indicator. In accordance
with section 23.1334()), fuel quantity indicators are required to be calibrated
to read "zero" during level flight when the quantity of fuel remaining in the
tank is equal to the unusable fuel supply. For this reason, fuel quantity indi-
cators should be used as the primary fuel-remaining instrunents. Fuel quantity
indicators that are inaccurate should be periodically calibrated and/or repaired
if necessary to ensure reliable readings.
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b. Fuel -1 njection Systens. Fuel-injection systens have been designed
for many types of reciprocating engines, and vary in details of construction,
arrangenent, and operation. Only continuous-flow, fuel-injection systens for
reci procating engines will be discussed in either the speed-sensing pressure
punp or constant-pressure punp categories.

(1) Fuel-Injection System with Integral Speed-Sensing Pressure Punp.

(i) A fuel-injection systemwith an integral speed-sensing pres-
sure punp delivers fuel at a pressure proportional to engine speed, and the punp
is approved as part of the engine type design during the engine certification
process. The fuel injection systemhas fuel |ift capability that enables the
systemto function with a negative inlet pressure within specific limts as
indicated by the engine type data sheet. An emergency fuel punp is not required
when the fuel injection punp is approved as part of the engine in accordance
with section 23.991(().. The airframe nanufacturers may provide an auxiliary
fuel punp located upstream of the fuel-injector punp for primng the engine and
for suppressing fuel vapors. This auxiliary fuel punp can provide sone fue
flow during emergency operations, but may not sustain engine operation at ful
power in the event the engine-driven, fuel-injector punp fails; therefore, it
is not considered an emergency fuel punp.

(ii) If the fuel systemin the airplane can neet the fuel flow
requi renents of section 23.95%(@) at the mininum allowable inlet pressure limts
wi thout the need of an external punp, a fuel pressure indicator is not required
Nonet hel ess; some manufacturers have installed a fuel pressure indicator that
senses fiette ed fuel pressure at the fuel distribution valve. Since netered
fuel pmesssu .¢ is related to fuel flow, it can provide a neans for displaying
fuel flow, { pressure indicator that is neasuring netered fuel pressure may
have the s e nmarked in ternms of fuel pressure, fuel flow, and/or percentage
of engine :.7er., Wth these fuel flow narkings, the indicator sometimes is
referred t. 4 an anal og pressure-type flowreter. |If an anal og pressure-type
floweter [ installed as part of the airplane manufacturer's type certificate,
a replhgewmt=:r digital or anal og fuel flowneited/ffiied]l totalliizerr i s accept abl e,
provided €2 installation meets the applicable airworthiness requirenents nen-

tioned in pzegraph 5.

¢'2) Fuel -1njection Systemw th Constant Pressure Punp.

(i) A fuell-injection systemw th an essentially constant dis-
charge pmebzszidre during normal flight engine revolutions nornmally requires that
the fuel be supplied at a positive pressure within specified linmts to the fuell—-
injector ipdett. To provide this inlet pressure, the engine-driven fuel punp
and the emF?ggancy punp are usually installed by the airplane manufacturer. An
energency Rl punp is required by section 23.991(() and this punp shoul d neet
the fuel £?+w rate of section 23.958; therefore, it will sustain engine opera-
tion if the engine-driven fuel punmp fails.



23.1305-1 12/21//84

(ii) A fuel pressure indicator is required for punp-fed engines.
in accordance with section 23.130%(@), and is intended for nonitoring unnettered
fuel pressure at the inlet to the injector. The fuel pressure indicator pro-
vides a nmeans for the pilot to determine if the fuel pressure is within safe
limts for proper operation.

(iii) Several airplanes have been approved with a fuel pressure
i ndi cator connected to the fuel distribution valve where the fuel flowis a
function of netered fuel pressure to the discharge nozzle. Metered fuel pres-
sure is related to fuel flow and also relates to engine power output. In sone
applications, netered fuel pressure has been found acceptable for nonitoring
fuel pressure and controlling engine perfornmance. The scale on the pressure
indicator is to be marked in fuel pressure; in addition, it may be marked in
fuel flow and/or percent of engine power output. A fuel pressure indicator at
the inlet to the injector provides a nmore positive nmeans of nonitoring the
operation of the engine-driven fuel punp and the emergency fuel punp.

(iv) An airplane that has both a separate unnetermedl fuel pres-
sure indicator and an anal og pressure-type flowreter may have the anal og
pressure-type fuel flowreter replaced with a digital fuel flowhetet/fuell
totallizerr. |f only an analog pressure-type fuel flowreter is installed that
actual ly operates from nmetered fuel pressure, the analog pressure-type fuel
fl owneter may not be replaced with a digital fuel flowweter/ffuell totallizer
unl ess another fuel pressure indicator is installed to sense the fuel pressure
at the fuel-injector inlet or an equivalent |evel of safety for the airplane
shows that replacing the fuel pressure indicator with a flowreter will still
meet the applicable airworthiness requirement. A finding of equivalent |evel
of safety should substantiate that the instrumentation provided by the fuel
flowreter is satisfactory, reliable, and safe under all reasonable foreseeable
operating conditions.

5.  ACCEPTABLE MEANS OF COWPLI ANCE. An acceptable method of conpliance with
the airworthiness standards for installation of fuel flowreters in small air-
pl anes with continuous-flow, fuel-injection system reciprocating engine is
described bel ow.

a. FAA Approval of Technical Datal/lnstallation. Installation of the fuel
flowneter/fuell totalliizerr nay be approved through Type Certification (TC) or
Suppl enental Type Certification (STC) for the airframe and/ or engine. FAA
approval is obtained after the applicant shows that the fuel flowmeter/fuell
totalliizerr will performits intended functions and assures that no unsafe fea-
tures are incorporated. The need for certification approval for the engine
will be determned for each particular installation. Certification approval
for the engine is not required when the applicant provides FAA-approved data
that shows an alternate configuration that permts a digital flowreter with

specific instructions. An inproper installation not only will jeopardize the
safety of the present designs, but could also increase probability of system
failure. Installations should conply with the airworthiness regulations and

with the nmanufacturer's installation criteria.
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b. Ai rwort hi ness Consi derati ons.

(1) Fuel-Injection System with Integral Speed Sensing Pressure Punp.
Installation of a digital or analog fuel flowneter may replace the anal og
pressure-type flowreter.

(2) Fuel-Injection Systemwith a Constant Pressure Punp. Installa-
tion of a digital or analog fuel flowreter may replace the anal og pressure-type
flowreter, provided an unfefterredl fuel pressure indicator is installed;, or it
has been determined that replacing the fuel pressure indicator with a fuel
fl owreter constitutes an equivalent |evel of safety.

(3) Ceneral Considerations. Changes to the fuel systens should be
evaluated for fuel flow rates, naximum allowable pressure drop, hot weather
operations, vibration and loads on lines and fittings, fire protection, and
power pl ant instruments, including effects of glare and reflections on instru-
ments in pilot conpartnent. An engineering analysis should be made to ensure
good engineering practices are incorporated in the design and that the instal-
lation is in accordance with airworthiness standards of the follow ng sections:
23.773,, 23.955, 23.961,, 23.99%, 23.1183, 23.11%1, 23.1337 and 23.1529 of Part 23.
The fire-resistant capability of fuel system conponents in the engine conpart-
ment shoul d be evaluated. The extent and nature of ground and flight eval uations
wi || depend upon each particular installation.

c, Eval uation. Modi fication of the approved fuel system may have ngjor
effects; therefore, an evaluation should be conducted to substantiate continued
conpliance of the fuel systemw th airworthiness requirenents. FAA approval
is issued when all airworthiness requirements are nmet. The following itens
shoul d be consi dered:

(1) Fuel flow transducer should measure the total fuel flow under all
operating conditions with either the engine-driven or the energency fuel punps.
Some fuel systens provide an alternate fuel flow path under different operating
conditions; for this reason, the fuel flow transducer must be installed upstream
of the alternate fuel flow path.

(2) Fuel flow transducer should be installed downstream of any
bypasses or vent returns to the fuel system

(3) Maxi mum fuel pressure drop across the fuel flow transducer (normal
and bl ocked conditions) should be within manufacturer's specification and air-
worthiness requirements. Fuel pressure drop may affect the mninmum fuel injector
fuel inlet pressure. The mininumfuel injector fuel inlet pressure nay require
to be redefined, and the instrunent range markings on the fuel pressure indicator
may need to be revised. Engine-driven punp and energency or boost punp may
require adjustment to higher pressure to account for the added restriction of
the transducer. The punps should be tested to ascertain their capability to
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supply the required fuel flow rate at the higher pressure. Flight tests for
turbocharged engines may be required to determine that mninum fuel injector
inlet pressure meets the engine type certificate data sheet at the maxi num
approved altitude

d. Markings and Placards for Powerplant Instruments. Advisory Grcul ar
No. 20888A provides guidelines on markings of airplane powerplant instruments
Sections 23.1541,, 23.1543 and 23.1549 of Part 23 provide the airworthiness
requi rements for instrument nmarkings and placards. The required range markings
and/ or placards should be furnished with the safe operating linits. A placard
shoul d be located near the fuel flowteter/fuell totalizer displlay with the fol -
lowing statement: Original equipment fuel quantity indicator is the primry
reading of fuel on board the airplane

e. Arplane Flight Manual (AFM).. A flight manual suppl enent or supple-
mental AFM and/or placards, if appropriate, should be prepared by the applicant.
The information should be presented for FAA approval in the follow ng sections

(1) Limtation section should include placard information and instru-
ment nar ki ngs.

(2) Nornmal procedure section should include information on the opera-
tion and function of the equipnent. Included in this section should be infor-
mation that the fuel totalliizerr does not sense the quantity of fuel in the tanks
and it should not be used as a fuel quantity indicator. The accuracy of total
fuel remaining displayed on the fuel fiowseter/fuell totallizerr i s dependent upon
the initial fuel supply programmed into the conputer before the start of each
flight. Uncertainties about initial fuel supply and total fuel remaining can
be due to uneven ranp, unusual |oading, volune changes of the fuel due to
tenperature variations, malfunctions such as |eaks, siphoning action, collapsed
bl adder, and other factors; therefore, the total fuel remaining should be
verified with the fuel quantity indicator. Before flight, it is essential that
the pilot determne that the fuel progranmed into the conputer is the sane as
the usable fuel on board the airplane

(3) The energency procedure section should include any system nal -
function that may occur due to electrical power failure and the procedures for
verifying proper operation after power outages.

(4) If the certification basis does not require an AFM with the air-
plane, the applicant may provide a supplemental AFM, or provide the necessary
information to the pilot by means of placards.
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